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doi:10.1016/j.fjs.2011.12.003Summary Background: Percutaneous vertebroplasty has gained widespread popularity to
treat painful osteoporotic vertebral compression fractures (VCFs). Radiation exposure during
these operations has become the major concern in recent years.
Aims: Traditional percutaneous vertebroplasty for VCFs is associated with high operator radi-
ation exposure. However, these procedures can be performed by fluoroscopy-based image
guidance, which decreases the radiation exposure during vertebroplasty for VCFs.
Methods: The study subjects were divided into two groups: one underwent traditional vertebro-
plasty and the other had the C-Armfluoroscopy-based, image-guided procedure. Four patients in
the first group underwent traditional vertebroplasty using repeated intermittent anteroposter-
ior and lateral fluoroscopy to position the cannula used for the vertebroplasty. Six patients in the
second group had C-Arm fluoroscopy-based, image-guided surgery. The dose area product
values, obtained by thermoluminescent dosimeters, were measured in both groups.
Results: The accuracy of the non-invasive fluoroscopy-based image-guided surgery was high, with
amaximumerror of 2mm. Themean dose area product values of the operator’s eyes, hands, neck
and chest were 20.28 mGy, 20.34 mGy, 21.87 Gy and 18.27 mGy in the first group, and 3.51 mGy,
3.70 mGy, 3.02 mGy and 3.68 mGy in the second group, respectively, with fluoroscopy-based,
image-guided surgery; the differences were statistically significant (p < 0.05).t of Neurosurgery, Landseed Hospital, No. 77, Kwang-Tai Road, Ping-jen City, Tao-Yuan County,
com.tw (C.-D. Yang).
ight ª 2012, Taiwan Surgical Association. Published by Elsevier Taiwan LLC. All rights reserved.
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image-guided surgery was accurate and was associated with reduced radiation exposure to
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Copyright ª 2012, Taiwan Surgical Association. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Percutaneous vertebroplasty (PV) was developed and
introduced by Galibert in 19841 for the treatment of
painful aggressive vertebral angiomas. This procedure has
gained widespread popularity, and currently, it is most
frequently performed to treat painful osteoporotic verte-
bral compression fractures (VCFs). Although most reports
have indicated that PV is a promising treatment for pain
relief with significant clinical improvement after treatment
for VCF, there is ongoing controversy regarding its effec-
tiveness and associated complications. Randomized trials
are in progress to determine outcomes, including the Vertos
II2 and INVEST3 studies.atial position of a target point
int for cannula) from one imag
f the target point. (B) The first
r picks the image pixel of the s
X-ray focus and the image pi
ion of the first and second projThe potential vertebroplasty-related pain relief is
thought to be secondary to stabilization and immobilization
of the macro- and microfractures of patients with VCF.4 The
destruction of pain-sensitive nerve endings due to the
extensive exposure to heat, as well as the cytotoxicity
associated with polymerization of bone cement, may also
play a role in pain relief.
The transpedicular approach is usually used for lower
thoracic and lumbar VCFs. For these procedures, exact
positioning of the vertebroplasty cannula is important to
assure that the bone cement fills the appropriate vertebral
body. C-arm fluoroscopy is used for these procedures in
most hospitals. During the procedure, medical personnel
are exposed to various amounts of radiation that may atfrom two C-arm fluoroscopic images. (A) Select the image pixel
e, and the computer generates the projection line from the C-
projection line is projected prospectively and forms a line onto
ame target point on the line described in (B). (D) The second
xel is formed, and the spatial position of the target point is
ection lines.
14 C.-D. Yang et al.times exceed the acceptable limits; this may be due to the
need for repeated intermittent fluoroscopy during tradi-
tional vertebroplasty procedures.5 Appropriate shielding
could decrease the radiation exposure, and recently we
have been using image-guided surgery (IGS) for intra-
operative spinal navigation.
With the help of the Graduate Institute of Biomedical
Engineering of National Central University, Taiwan,
a noninvasive fluoroscopy-based IGS system was developed
for osteoporotic VCFs. Using this system, only two fluoro-
scopic images including the anterioreposterior and lateral
views are taken and automatically uploaded to a worksta-
tion for processing and guiding the procedure. In addition,
this new design did not require another invasive procedure
for a dynamic reference frame (DRF) attachment, such as
exposure of another spinous process, or the need for
percutaneous pin fixation for DRF attachment, as is the case
with conventional fluoroscopy-based IGS. In the new
system, the dose area product (DAP) values are measured
using thermoluminescent dosimeters (TLDs).
This study was conducted to determine whether radia-
tion exposure was decreased with the new noninvasive,
fluoroscopy-based IGS compared to traditional percuta-
neous vertebroplasty. In addition, the quality of the images
obtained by this method was also evaluated.2. Materials and methods2.1. Patients
This study was conducted between December 2008 and
August 2010. A total of thirty two patients withFigure 2 The system configuration of thosteoporotic VCFs had vertebroplasty performed by the
same surgeon. Thirteen patients underwent the procedure
under local anesthesia and nineteen under general anes-
thesia. All eligible subjects were invited to participate in
this study beginning in December 2008. Thirteen patients
provided written informed consent and were enrolled in the
study. This was a pilot study for evaluation of the newly
designed IGS system for vertebroplasty, therefore, the
system was initially tested in three participants only. After
the initial testing, the participants included during the
initial stage were all assigned to the traditional verte-
broplasty group. Among the remaining ten participants,
four had traditional vertebroplasty and the other six, the
IGS procedure.
The institutional review board approved this study, and
all the participants provided written consent to participate.
Patients with VCFs and intractable back pain that agreed to
undergo percutaneous vertebroplasty were included in this
investigation. Patients that had procedures under local
anesthesia were excluded.
2.2. Surgical procedures
Conventional spine surgery was performed using repeated
intermittent anteroposterior and lateral fluoroscopy. For
the patients undergoing IGS, using a real-time C-arm, only
two fluoroscopic images, the anteroposterior and lateral
views were obtained and automatically uploaded to the
workstation for processing (Fig. 1). The IGS system provided
a C-arm image calibrator with DRF, a three-dimensional
optical tracker, a tool coordinate corrector, and a computer
with calibration and guidance algorithms (Fig. 2). The
C-arm image calibrator was designed with an integratede C-arm image-guided surgery system.
Reduction of vertebral compression fractures 15mounting base and double-deck calibration ring (Fig. 3A).
To avoid interference from the C-arm image calibrator,
during PV surgery, the calibration ring was designed for
rapid attachment to the mounting base and could be easily
sterilized. Once the C-Arm image calibrator was attached
to the image intensifier, one anteroposterior and one
lateral fluoroscopic image were taken and transferred
automatically to the computer workstation for processing
(Fig. 3B). The relative position of the patient, surgical
instrument and C-arm images were measured with an
optical tracker that could track the locations of the target
and all DRFs. The surgical instrument, with a detachable
DRF, was inserted into the tool coordinate corrector
(Fig. 4), and then adjusted for proper positioning.
The transferred images were integrated by the
computer to determine the orientation and the position of
the tip of the surgical instrument. The real-time imagesFigure 3 (A) The C-arm image calibrator with a dynamic
reference frame: the double-deck calibration ring consists of
two parallel radiolucent plates with 99 embedded fiducial
markers (steel balls) of three diameters (86 small, 8 medium,
and 5 large). (B). The C-arm image of the embedded fiducial
markers in the image calibrator.
Figure 4 The tool coordinate corrector is used to correct the
orientation and tool tip position of the tool relative to its
dynamic reference frame.(Fig. 5A and 5B) displayed and tracked the instrument in
relation to the spine; no additional fluoroscopic images
were required for this specific procedure. The same
procedure was carried out on both sides of the vertebrae
using a bipedicular approach, so that the first cannula did
not interfere with placement of the second.
Only the final position of the vertebroplasty cannula
should be checked for accuracy with corresponding ante-
roposterior and lateral fluoroscopy images, before
cementing. The difference between the virtual fluoroscopic
images and the computer-acquired images of the verte-
broplasty cannula was calculated using the IGS for each
case.
2.3. Radiation exposure measurement
The DAP values were measured in both groups using TLDs.
Sets of three TLD chips were used at each point and the
average of the three measurements was considered as the
measurement for each point. The DAP was measured at the
eyes, hands, neck and chest of the operator.
SPSS 14.0 software was used for analysis of the results.
The nonparametric ManneWhitney U test was used to
compare the difference in radiation exposure before and
after use of the fluoroscopy-based IGS system. The statis-
tical significance was set at a p value <0.05.
3. Results
The average values of body mass index in the groups
undergoing traditional vertebroplasty and IGS were 27.5
(SD: 5.6) and 23.9 (SD: 5.4), respectively; there was no
Figure 5 (A) With the image-guided surgery, the surgical
instrument is guided to the targeted pedicle as shown by the
green line projected on the anteroposterior fluoroscopic
image. (B) The green line shows the guided position of the
surgical instrument projected on the lateral fluoroscopic
image.
Table 1 Body mass index, Operation operation time (OP time)
Methods Spine level tr
Traditional Vertebroplasty
BMI: (Mean  SD Z 27.5  5.6)
OP time (min): (Mean  SD Z 80  25.5)
T12 VCF
T12 and L3 V
L1 VCF
T12 VCF
Image-guided surgery
BMI: (Mean  SD Z 23.9  5.4)
OP time (min): (Mean  SD Z 76.7  6.06)
L1 and L3 VC
T12 VCF
L1 VCF
L1 VCF
T6 VCF
L1 VCF
*p Z 0.352; **p Z 0.827.
BHZ body height; BMIZ body mass index; BWZ body weight; OPZ
fracture.
16 C.-D. Yang et al.significant difference between the two groups (pZ 0.352).
Three out of four patients in the traditional vertebroplasty
group and five out of six in the IGS group were diagnosed
with single-level fractures. One patient in each group had
two-level fractures. The average operation time for the
groups undergoing traditional vertebroplasty and IGS was
80 (SD: 25.5) and 76.7 (SD: 6.06) minutes, respectively;
again there was no significant difference between the two
groups (p Z 0.827). The baseline characteristics including
body mass index, operation time and procedure difficulty
were almost the same for both groups (Table 1). There were
no complications from anesthesia or surgery.
The variance in position using the computer images
compared to the fluoroscopy images of the vertebroplasty
cannula was recorded in all cases undergoing IGS. The
accuracy of the noninvasive, fluoroscopy-based IGS system
was high, with an error within 2 mm. The difference in the
anteroposterior planes between the fluoroscopic and
computer images was even less: 2 mm in one case and 1 mm
in the others. However, the difference was larger in the
lateral planes, with 1 mm in one case, and 2 mm in the
others (Fig. 6A and 6B).
The operator radiation exposure levels were significantly
lower in the IGS group than in the traditional vertebroplasty
group (Tables 2 and 3). The mean DAP values of the oper-
ator decreased overall at all measured points. With the
fluoroscopy-based IGS system, the yielded values were
reduced from 20.28 (SD Z 9.8) mGy to 3.51 (SD Z 1.50)
mGy for the eyes, from 20.34 (SD Z 11.86) mGy to 3.70
(SD Z 1.66) mGy for the hands, from 21.87 (SD Z 15.84)
mGy to 3.02 (SDZ 0.96) mGy for the neck, and from 18.27
(SD Z 11.06) mGy to 3.68 (SD Z 2.13) mGy for the chest
(Table 2). The reduction of radiation exposure in the IGS
group compared to the traditional vertebroplasty group was
about sixfold; the difference was statistically significant.
The results of the ManneWhitney U test showed that the
difference in radiation exposure levels, before and after
fluoroscopy-based IGS was significant at all measured
points, with p Z 0.01 for the eyes, hands and neck, and
p < 0.05 for the chest.
If two-level fractures were excluded in both groups, the
radiation exposure was improved in the IGS group and theand treated levels for both groups.
eated BH (cm) BW (kg) BMI* OP time**
153 64 27 70
CF 147 73 34 80
158 72 29 55
151 46 20 115
F 163 45 17 80
171 65 22 75
151 52 23 70
156 56 23 80
150 75 33 85
152 58 25 70
operation; SDZ standard deviation; VCFZ vertebral compression
Figure 6 (A) After having performed the operation, the
anteroposterior fluoroscopic image shows that the guided
position of the surgical instrument is close to its actual posi-
tion, with an error within 1 mm. (B) The lateral fluoroscopic
image shows the guided position of the surgical instrument is
almost superimposed with its actual position.
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points. With the fluoroscopy-based IGS system, the yielded
values were reduced from 18.87 (SD Z 11.50) mGy to 3.34
(SD Z 1.62) mGy for the eyes, 16.55 (SD Z 11.19) mGy toTable 2 Radiation exposure before and after fluoroscopy-based
Site Traditional Vertebroplasty (n Z 4)
Max/min (mGy) Mean  SD (mGy)
Eye 32.15/11.86 20.28  9.8
Hand 31.67/9.24 20.34  11.86
Neck 35.98/6.69 21.87  15.84
Chest 28.55/6.86 18.27  11.06
The statistical significance, using nonparametric ManneWhitney U te
Max Z largest measured dose area product value; Min Z smallest me3.20 (SD Z 1.28) mGy for the hands, 17.46 (SD Z 16.10)
mGy to 3.07 (SDZ 1.06) mGy for the neck, and from 15.39
(SD Z 11.55) mGy to 2.85 (SD Z 0.75) mGy for the chest
(Table 3).4. Discussion
PV is a common technique used widely for the treatment of
painful VCFs. The positioning accuracy of the verte-
broplasty cannula is central to the PV procedure. Repeated
imaging is usually required to perform accurately the
current standard techniques; this can expose medical
personnel to high doses of radiation, with an increased risk
for deterministic or stochastic effects of radiation. In 2006,
Fitousi6 reported that the radiation doses, to patients and
staff, associated with vertebroplasty were calculated to be
34.45 mGy. It was then estimated that the primary operator
could perform only 150 vertebroplasty procedures annually
without exceeding the annual dose limits. In addition, the
risk for developing cancer in patients that had undergone
vertebroplasty was found to be 1 in 580, whereas the risk
for inherited effects was 1 in 20,000.
Image-guided surgery for intraoperative spinal naviga-
tion provides simultaneous, multiplanar visualization of the
spinal anatomy, and allows virtually any surgical instrument
to be tracked in relation to the anatomy of a displayed
image in real time. The IGS system reported in this study
was used with preoperative computed-tomography-based
image guidance, fluoroscopy-based image guidance, three-
dimensional C-arm fluoroscopy, and O-arm computed
tomography fluoroscopy.7 C-arm fluoroscopy for VCF has
been used in most hospitals. Therefore, this study was
designed to assess the fluoroscopy-based IGS and determine
the associated radiation exposure reduction.
Any surgical instrument used for procedures should be
tracked in real time by integrating C-arm fluoroscopy and
computer-assisted surgical technology. C-arm image cali-
bration is an essential prerequisite for accurate X-ray
fluoroscopy-based navigation and image-based registration.
The potential error could be significant and the calibration
parameters are orientation dependent, so they must be
corrected independently for each orientation. The system
is calibrated with fluoroscopic information; the computer
then generates a spatial model of the fluoroscopic images
that allows the superimposition of the tracked surgical
instrument. The emission center of the X-ray source of each
C-arm image is calculated by using an image calibration
method and optimization algorithm.image-guided surgery (all participants included).
Image-guided surgery (n Z 6) p value
Max/min (mGy) Mean  SD (mGy)
4.72/1.24 3.51  1.50 0.01
6.18/2.07 3.70  1.66 0.01
4.35/1.80 3.02  0.96 0.01
7.81/1.80 3.68  2.13 0.019
st, was set at p < 0.05.
asured dose area product value; SD Z standard deviation.
Table 3 Radiation exposure before and after fluoroscopy-based image-guided surgery (excluded one case in both groups with
two-level fractures).
Site Traditional vertebroplasty (n Z 3) Image-guided surgery (n Z 5) p value
Max/min (mGy) Mean  SD (mGy) Max/min (mGy) Mean  SD (mGy)
Eye 32.15/11.86 18.87  11.50 4.72/1.24 3.34  1.62 0.025
Hand 29.44/9.24 16.55  11.19 5.29/2.07 3.20  1.28 0.025
Neck 35.98/6.69 17.46  16.10 4.35/1.81 3.07  1.06 0.025
Chest 28.55/6.86 15.39  11.55 3.62/1.81 2.85  0.75 0.025
The statistical significance, using nonparametric ManneWhitney U test, was set at p < 0.05.
Max Z largest measured dose area product value; Min Z smallest measured dose area product value; SD Z standard deviation.
18 C.-D. Yang et al.The automatic fiducial markers localizing the segmen-
tation algorithm have been developed using grayscale
segmentation methods; these include: filtering, top hat,
region growth, and convolution algorithms.8,9 These factors
were developed after considering and experimenting with
the online calibration, with special attention to robustness
and accuracy in actual surgical situations in which X-ray
images of surgical tools might have occluded some of the
fiducial markers used for image calibration. A verification
system for accuracy is important to reduce registration
error in the IGS. The major steps of the calibration algo-
rithm10 compute the image calibration parameters from
a single X-ray image and from spatial positions of the
fiducial markers detected by the optical tracker. The
system was initially evaluated in vitro by scientists at the
Graduate Institute of Biomedical Engineering, of National
Central University, Taiwan; submillimeter accuracy was
achieved, which is similar to the results reported by Boot-
sma et al11.
The fiducial marker system is the gold standard for rigid
registration. However, artificial markers usually require
a surgical implantation procedure and is considered too
invasive to be clinically acceptable.12 Conventional
fluoroscopy-based image guidance systems usually include
a computer system, a C-arm fluoroscope, dynamic refer-
ence frames, and customized surgical instruments that
can be tracked by the systems.7 One disadvantage of the
conventional system is the need for a procedure that
exposes another spinous process or requirement of percu-
taneous pin fixation in the posterior iliac crest for DRF
attachment. These disadvantages have led to the study
design of the noninvasive, fluoroscopy-based IGS system.
With the present design, the relative positions of the
surgical instrument and the patient can be determined by
the C-arm DRF, a fixed-tables DRF, a surgical instrument
with detachable DRF, and a tool coordinate corrector. The
need for another invasive procedure for DRF attachment
has thus been eliminated. The only major disadvantage of
this novel IGS system is the need for general anesthesia,
which is required so that movement does not interfere with
the accuracy of the vertebroplasty. Therefore, in the
present study, the new procedure was performed only in
patients who chose general anesthesia after their initial
evaluation.
The accuracy of vertebral cannula placement was rela-
tively high, with a maximal error of 2 mm with the IGS
system. The radiation exposure of the medical staff
involved in the surgical procedures was significantlyreduced because only two fluoroscopic images were taken
for navigation. The radiation exposure was significantly
decreased at the point evaluated: the operator’s eyes,
hands, neck and chest with the new IGS system compared
to traditional procedures.
In conclusion, the noninvasive, fluoroscopy-based IGS
system had high accuracy for positioning. The radiation
exposure to medical personnel was significantly decreased
during PV for VCFs. This was a pilot study and therefore
included only a small number of patients. However, the
results of this study support further investigation with
a larger randomized study to confirm the safety, difficulty
and outcome of this noninvasive, fluoroscopy-based IGS
system for vertebroplasty or other procedures involved
in spine surgery, as compared with more conventional
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